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3. Reflectarray modelisation 
In this chapter, the radiation pattern model of the reflectarray will be dis-
cussed. This model is used to create a reflectarray simulator program that can 
quickly simulates refiectarray design in order to determine its performance. Full 
3D electromagnetic simulation is very useful to obtain accurate result, but the time 
taken to complete the simulation can be long especially for a large size reflectarray. 
For very large reflectarrays, it is even impossible to have a simulation result. To 
accelerate the simulation, a high-end workstation is required or another possible so-
lution is by distributing the simulation across high performance computing (HPC) 
network. 
Those solutions will definitely give accurate results, but the cost to implement 
and setup the system will be expensive. For example, in Ansoft HFSS simulator 
program, to use the HPC with multiples machines, a separate license needs to be 
paid to activate that feature. In addition, the hardware costs also need to be taken 
into account when dealing with computer simulation. 
In this project, the reflectárray simulations are not completely relying on the 3D 
electromagnetic software. Instead, a mixed approach has been used by combining in 
house simulator program called HRS which is an acronym for Hybrid Refiectarray 
Simulator and Ansoft HFSS by Ansys. HRS uses the data generated by Ansoft 
HFSS to do the calculation in analytical manner and in simpler ways. This helps to 
accelerate the elementary cell and reflectarray design process. 
The model described in this chapter is based on the transmitarray antenna 
[69, 70] research [71]. It works using the same mechanism as optical lens. The 
incident wave coming from the feed is transmitted and collimated to the desired 
direction as a planar wave. Before transmitting, the incident wave phase is adjusted 
by using the phase-shift distribution in the elementary cells of transmission network. 
The concept is similar to refiectarray but instead of reflecting the incident wave, the 
transmitarray transmits the wave to the other side of the panel. In this case, some 
adaptations are required in order to use the transmitarray model.
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3.1. Theoretical analysis 
In [71], the author explains several formulas and steps, which are required to 
obtain the power density of the transmitarray. Fig. 3.1 shows the summary of the 
calculations taken in order to determine the transmitarray gain and directivity. This 
diagram is important because it will help to ease the modeling process and at the 
same time to have better understanding of the different formulas and steps. By 
analyzing these formulas and steps, and with a proper adjustment, the model of the 
reflectarray can be determined and calculated. 
Power received at 
each elementary cell 
P i L1 
Incident wave arrived at 
each elementary cell 
Transmitted wave at 
each elementary cell 
Ei 
1. 
Total transmitted power	 Transniitted power density 
PC2
	 S('O,çJ) 
Directivity 
D(O,.p) 
Figure 3.1.: Summary of the calculation steps (From [711) 
The calculation starts from the top and ends in the bottom with the final result 
of obtaining gain and directivity. An alternative way to represent the calculation 
steps is by referring the different power received and power radiated such as illu 
trated in Fig. 3.2. There are 3 different types of power used in the calculations an 
their descriptions are shown in Tab. 3.1. 
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Figure 3.2.: Different types of power in transmitarray 
Power I	 Descrittion	 I 
PF Power injected to the feed 
PC, Power received by the elementary cells at the feed side 
Pc2 Power radiated by the elementary cells at free space side
Table 3.1.: 'fransmitarray power descriptions 
The first power is the PF which is defined as the power injected to the feed. The 
value for this- power can be in any values except 0 and for normalization purpose 
PF = 1. The second power is the power received at each elementary cell noted as 
PC ,. This power can be calculated -by using FRIIS formula [72] and the equation is 
as indicated in 3.1. 
Pi= (•) x CF(O, F ) x CEc(9c,Ec) x PF	 (3.1) 
Wavelength of the working frequency 
ri	 Distance from the feed to i elementary cell 
CF : Feed gain 
GEC : Elementary cell gain 
PF	 Input power at the feed. This value is set as 1
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